Background {#Sec1}
==========

Owing the progress of imaging modalities such as abdominal ultrasonography (US) and computed tomography (CT), accuracy in the diagnosis of pancreatic tumors has improved over the last decade. In pancreatic tumors, however, there are a variety of tumors such as ductal neoplasms, inflammatory and fibrotic tumors, and cystic tumors with malignant potentials of various degrees. Among them, intraductal papillary mucinous neoplasm (IPMN) and pancreatic neuroendocrine tumor (pNET) are the tumors in which it is difficult to distinguish malignant ones from benign ones preoperatively.

Positron emission tomography using 2-deoxy-2-\[^18^F\]fluoro-D-glucose (FDG-PET) is a noninvasive, useful imaging modality. Theoretical background is based on the difference of cellular glucose metabolism (Rempel et al. [@CR24]). FDG-PET is reported as a valuable measure for diagnosing and staging various kinds of cancers (Delbeke [@CR5]; Berberat et al. [@CR3]; Kubota et al. [@CR17]; Ishizu et al. [@CR14]; Bares et al. [@CR1]; Wahl et al. [@CR32]; Jansson et al. [@CR15]; Yoshioka et al. [@CR34]). The usefulness of FDG-PET in differentiating pancreatic ductal cancer from mass-forming chronic pancreatitis has been reported. Maximum standardized uptake value (SUV~max~) is a common parameter for evaluating the uptake by a mass lesion semi-quantitatively. This value is defined as the radioactivity of the tissue divided by the total radioactivity of the probe isotope injected per body weight (Sadato et al. [@CR25]). The cut-off values of SUV~max~ in differentiating pancreatic ductal cancer from mass-forming chronic pancreatitis have already been reported. Recommendable cut-off values for detecting malignancy of IPMN were previously reported in several studies (Tomimaru et al. [@CR31]; Takanami et al. [@CR29]; Hong et al. [@CR11]), but the patient number of each study was very small as 29, 16 and 31 patients, respectively.

In this study, as reported in other studies, we first analyzed the cut-off value of SUV~max~ to differentiate patients with pancreatic ductal cancer from mass-forming chronic pancreatitis in our patient series. Secondly, similar analysis was done between the malignant and benign IPMNs, and the obtained cut-off value was compared with those in 3 published studies. Thirdly, we computed a cut-off value to differentiate the malignant pancreatic tumors from the benign tumors irrespective of tumor type including pNET, and examined whether this cut-off value was applicable for detecting pancreatic malignancy in general.

Results {#Sec2}
=======

Table [1](#Tab1){ref-type="table"} shows the number of patients and the SUV~max~ in the patients of each disease. The SUV~max~ in pancreatic ductal cancer and mass-forming chronic pancreatitis are illustrated in Figure [1](#Fig1){ref-type="fig"}a. There was a significant difference between these groups (*P* \< 0.01). Figure [1](#Fig1){ref-type="fig"}b demonstrates the ROC analysis of SUVs between ductal cancer and mass-forming chronic pancreatitis. The optimal SUV~max~ to differentiate ductal cancer from mass-forming chronic pancreatitis was 2.5, which was determined as the point of the curve farthest from the chance line. The areas divided by the curve were used to verify the performance of the analysis. The area under the curve was 0.982, which showed this analysis was appropriate. When an SUV~max~ of 2.5 was set as the cut-off value, only 4 of the ductal cancer lesions (SUV~max~ = 2.2, 1.9, 1.8 and 1.6, respectively) had an SUV~max~ below the cut-off value (false-negative). On the other hand, only one mass-forming chronic pancreatitis lesion (SUV~max~ = 5.3) had an SUV~max~ above the cut-off value (false-positive). This patient has IgG4-related autoimmune pancreatitis (AIP). To summarize, when the cut-off value was set at 2.5, sensitivity, specificity, positive predictive value, negative predictive value, and accuracy rate between ductal cancer and mass-forming chronic pancreatitis were shown in Table [2](#Tab2){ref-type="table"}.Table 1**The mean and range of maximum SUV in patients of each diseaseDiseaseMalignant/BenignNo. of PatientsMean SUV** ~**max**~ **(Range)**Pancreatic ductal cancerMalignant805.4 (1.6-11.8)Mass-forming chronic pancreatitisBenign102.0 (1.2-5.3)Intraductal papillary mucinous carcinomaMalignant185.5 (1.5-13.8)Intraductal papillary mucinous neoplasmBenign121.7 (1.1-2.3)Neuroendocrine carcinomaMalignant4      Non-functioning islet cell carcinoma49.0 (3.3-13.8)Neuroendocrine tumorBenign12      Insulinoma71.6 (1.1-2.0)      Glucagonoma21.9 (1.8-2.0)      Gastrinoma11.8      Non-functioning islet cell tumor22.2 (1.9-2.4)SUV: standardized uptake value, SUV~mav~: maximum SUV.Figure 1**Maximum standardized uptake value (SUV** ~**max**~ **) in pancreatic ductal cancer and mass-forming chronic pancreatitis. (a)** There is a significant difference in SUV~max~ between pancreatic ductal cancer and mass-forming chronic pancreatitis non-parametrically, *P* \< 0.01. The number in each column is the mean SUV~max~ ± standard deviation. **(b)** Receiver operating characteristic curve in pancreatic ductal cancer and mass-forming chronic pancreatitis. The area under the curve is 0.982.Table 2**The efficacy of the cut-off value in differential diagnosisCut-off (SUV** ~**max**~ **)Az valueSEN (%)SPE (%)PPV (%)NPV (%)ACC (%)**Pancreatic ductal cancer vs. Mass-forming chronic pancreatitis2.50.98295.090.098.769.294.4Malignant IPMN vs. Benign IPMN2.50.93377.810010075.086.7All malignant tumors vs. All benign tumors2.50.95792.297.198.980.193.4SUV~max~: maximum standardized uptake value, Az: ROC-area index, SEN: sensitivity, SPE: specificity, PPV: positive predictive value, NPV: negative predictive value, ACC: accuracy, IPMN: intraductal papillary mucinous neoplasm.

The SUV~max~ in malignant IPMN (IPMC) and benign IPMN are illustrated in Figure [2](#Fig2){ref-type="fig"}a. There was a significant difference between these groups (*P* \< 0.01). Figure [2](#Fig2){ref-type="fig"}b illustrates the ROC analysis between IPMC and benign IPMN. The optimal SUV~max~ to differentiate IPMC from benign IPMN was also 2.5. The area under the curve was 0.933. When an SUV~max~ of 2.5 was set as the cut-off value, 4 of the malignant IPMNs (SUV~max~ = 2.3, 2.2, 1.8 and 1.5, each) showed an SUV~max~ below the cut-off value (false-negative). These 4 patients were all carcinoma in situ (CIS). There was no patient showing false-positive in the benign IPMN group.Figure 2**Maximum standardized uptake value (SUV** ~**max**~ **) in malignant intraductal papillary mucinous neoplasm (IPMN) and benign IPMN. (a)** There is a significant difference in SUV~max~ between malignant IPMN and benign IPMN non-parametrically, *P* \< 0.01. The number in each column is the mean SUV~max~ ± standard deviation. **(b)** Receiver operating characteristic curve in malignant IPMN and benign IPMN. The area under the curve is 0.933.

Since the cut-off value to differentiate ductal cancer from mass-forming chronic pancreatitis was the same as the cut-off value to differentiate IPMC from benign IPMN (that is 2.5), we unified the data of all malignant tumors and all benign tumors including pNETs---pNETs were not suitable for independent analysis due to their small number of cases---and re-computed a cut-off value to discriminate between malignant and benign tumors of the pancreas. The SUV~max~ in all malignant tumors and all benign tumors was illustrated in Figure [3](#Fig3){ref-type="fig"}a. There was a significant difference between these groups (*P* \< 0.01). The optimal SUV~max~ to differentiate all malignant tumor lesions from all benign tumor lesions was exactly 2.5 (Figure [3](#Fig3){ref-type="fig"}b). The area under the curve was 0.957. When an SUV~max~ of 2.5 was set as the cut-off value, only 8 of the malignant tumors (4 ductal cancers and 4 IPMCs \[CIS\]) had an SUV~max~ below the cut-off value (false-negative). On the other hand, in all benign tumors, only one patient (IgG4-related AIP) showed false-positive. Sensitivity, specificity and accuracy rate were 92.2%, 97.1% and 93.4%, respectively (Table [2](#Tab2){ref-type="table"}). As to pNET, SUV~max~ of four malignant non-functioning islet cell tumors were all above this cut-off value of 2.5 (SUV = 13.8, 12.5, 6.2 and 3.3); and all of 12 benign pNETs showed SUV~max~ below this cut-off value, although the case number is limited.Figure 3**Maximum standardized uptake value (SUV** ~**max**~ **) in all malignant tumors and all benign tumors. (a)** There is a significant difference in SUV~max~ between all malignant tumors and all benign tumors non-parametrically, *P* \< 0.01. The number in each column is the mean SUV~max~ ± standard deviation. **(b)** Receiver operating characteristic curve in all malignant tumors and all benign tumors. The area under the curve is 0.957.

Discussion {#Sec3}
==========

In the differential diagnosis between pancreatic ductal cancer and mass-forming chronic pancreatitis, high accuracy of FDG-PET---greater than 85%---has already been noted (Inokuma et al. [@CR13]; Nakamoto et al. [@CR20]; Imdahl et al. [@CR12]; Nitzsche et al. [@CR22]). Usually, increased FDG uptake by the tumor is visually assessed in comparison with that by surrounding tissues. This classical method is, however, sometimes not useful for differential diagnosis, especially when the tumors are not sufficiently large. In contrast, an SUV~max~ offering a semi-quantitative analysis is more advantageous. In this study, the cut-off value of SUV~max~ for differentiating pancreatic ductal cancer from mass-forming chronic pancreatitis was 2.5. This value was comparable with those obtained in other studies (Nakamoto et al. [@CR21]; Delbeke et al. [@CR6]), indicating that a cut-off value of 2.5 for this purpose was credible. On the other hand, there were several studies dealing about the usefulness of FDG-PET for differential diagnosis between malignant and benign IPMN (Tomimaru et al. [@CR31]; Takanami et al. [@CR29]; Hong et al. [@CR11]; Sperti et al. [@CR26], [@CR27], [@CR28]; Mansour et al. [@CR19]; Tann et al. [@CR30]; Pedrazzoli et al. [@CR23]). But some studies, in addition to IPMNs, included other cystic tumors, ductal cancer and histologically undetermined tumors as well (Sperti et al. [@CR26], [@CR27], [@CR28]; Mansour et al. [@CR19]; Tann et al. [@CR30]; Pedrazzoli et al. [@CR23]). There were only 3 studies that calculated the accuracy within genuine IPMNs (Tomimaru et al. [@CR31]; Takanami et al. [@CR29]; Hong et al. [@CR11]). Tomimaru et al. first reported the usefulness of SUV~max~ in differentiating malignant and benign IPMNs (Tomimaru et al. [@CR31]). In their study, patient number was 14 with malignancy and 15 with benign IPMNs. They set the best cut-off value as 2.5 with a high accuracy of 96%. Takanami et al. reported the second study (Takanami et al. [@CR29]). In their report, there were 9 malignant IPMNs and 7 benign IPMNs (total 16 patients), and a cut-off value of 2.3 was the best with a high accuracy of 87.5%. Thirdly, Hong et al. described that the diagnostic accuracy of a cut-off value using SUV~max~ 2.5 was as high as 96% in 31 patients (Hong et al. [@CR11]). Regrettably, they merely adopted this cut-off value from other reports that dealt with miscellaneous types of cystic tumors (Sperti et al. [@CR27], [@CR28]; Mansour et al. [@CR19]; Tann et al. [@CR30]) and skipped the process of statistical estimation. They gave no explanation as to why they used an SUV~max~ of 2.5 as a cut-off value. In contrast, the former two reports are distinguishing because they determined their cut-off values by ROC analysis. However, even in these reports, the numbers of patient were only 29 and 16, respectively. Since the incidence of IPMN is relatively small in comparison with ductal cancer, there is a limitation in the study performed by a single institution. Indeed, in our study also, the patient number is 30 and still small. Nevertheless, the cut-off values independently determined by these three studies were consistent. Hence, the cut-off value 2.5 seems to be acceptable for differentiating IPMC from benign IPMN.

Meanwhile, in regard to pNET, there is no study dealing with the cut-off value of SUV~max~ in differentiating malignancy because patient number is further small. However, interestingly, PET scan in our study detected high FDG uptake above 2.5 in all 4 patients with non-functioning islet cell carcinoma, and below 2.5 in all benign pNETs. Although we cannot draw a definitive conclusion, it is likely that cut-off value of 2.5 would be useful even for pNET. Further study is intriguing.

We reviewed 8 false-negative lesions in malignancies (4 ductal cancers and 4 IPMCs) and one false-positive lesion in mass-forming chronic pancreatitis in detail. We cannot explain the reason why 4 patients (5.0%) having ductal cancer showed false-negative (SUV~max~ = 2.2, 1.9, 1.8 and 1.6, each) because there was no difference between these 4 tumors and others concerning the tumor size and histological differentiation. Four of 18 patients (22.2%) having IPMC showed false-negative (SUV~max~ = 2.3, 2.2, 1.8 and 1.5, each). These tumors were all CIS. To detect the CIS preoperatively is extremely difficult, and FDG-PET would regard CIS as benign lesion. There was only one false-positive lesion in mass-forming chronic pancreatitis. This case had IgG4-related AIP. If serum IgG4 level or other markers that indicate autoimmunity had been elevated preoperatively, we could suspect IgG4-related AIP in the first place. However, in our patient, these markers were all within normal limits. In this way, there are patients showing that serum IgG4 and other markers are within normal limits. In these cases, preoperative diagnosis is not easy. As to FDG-PET for IgG4-related AIP, some case reports are published, but the study of FDG-PET in differential diagnosis of IgG4-related AIP has not been performed yet because patient number is extremely limited for submitting analysis. Kamisawa et al. compared the SUV~max~ of autoimmune pancreatitis and pancreatic cancer (Kamisawa et al. [@CR16]). They showed that there was no significant difference between the SUV~max~ of 10 AIP patients and that of 14 pancreatic cancer patients. This is only one study and preliminary, but the result would suggest the difficulty in differential diagnosis of AIP using FDG-PET. Further prospective study with a larger number of cases is encouraged.

In the past 15 years, new technologies have been developed. With regard to tracers, ^18^F labelled deoxy-fluorothymidine has been tested for detecting pancreatic cancers (Herrmann et al. [@CR10]). For pNET, somatostatin analogues (TETA-Y3-TATE, DOTA-Tyr3-octreotide) have been labelled with ^64^Cu or ^68^Ga (Lewis et al. [@CR18]; Gabriel et al. [@CR9]). For detecting insulinoma, specific probe targeting glucagon-like peptide-1 receptor has been developed (Brom et al. [@CR4]; Wild et al. [@CR33], Eriksson et al. [@CR8]). As a new imaging modality, PET-MRI was also developed and tested for detecting the gastroenteropancreatic NET (Beiderwellen et al. [@CR2]). However, these new tracers and machines have been used in trial only at some limited institutions, and thus their usefulness is still under evaluation. It will take a little time before these methods become widespread in the hospitals where ordinary patients will access. The most useful strategy at present seems to be FDG-PET/CT.

Conclusions {#Sec4}
===========

This study suggested a good potential of FDG-PET in differentiating malignancy also in pancreatic tumors other than ductal cancer. Calculation of SUV~max~ would be greatly helpful for differential diagnosis when the malignancy is uncertain in pancreatic lesions despite the full use of conventional imaging modalities. It was indicated that an SUV~max~ of 2.5 would be justified as a cut-off value for malignant pancreatic tumors in general, as it is for ductal cancer.

Materials and methods {#Sec5}
=====================

Patients {#Sec6}
--------

From October 2001 to December 2014, 136 patients (76 males and 60 females; mean age, 66 years old; age range 26-88 years old) were diagnosed as having pancreatic tumors by US, CT, and magnetic resonance imaging (MRI) in our department. All of them underwent FDG-PET. The diagnosis was histologically proven and the final diagnoses were 80 pancreatic ductal cancers, 10 mass-forming chronic pancreatitis, 18 intraductal papillary mucinous carcinoma (IPMC), 12 benign IPMN, 4 malignant pNETs (non-functioning islet cell carcinoma) and 12 benign pNETs (7 insulinoma, 2 glucagonoma, 1 gastrinoma and 2 non-functioning islet cell tumor). The research protocol of this study was approved by the Ethics Committee of Akita University Graduate School of Medicine (No.1223), and each patient gave written informed consent before enrollment in the study.

FDG-PET {#Sec7}
-------

FDG-PET studies were performed either with Headtome V (Shimadzu Co., Kyoto, Japan) or with PET-CT scanner of Discovery ST Elite 16 (GE healthcare, Milwaukee, WI, USA). Patients having pancreatic cancer and/or chronic pancreatitis often show hyperglycemia. Because the uptake of ^18^F-FDG by the tumors is reduced in hyperglycemic status, the guideline for FDG-PET/CT recommends that examination be performed under the blood glucose level lower than 150-200 mg/dl (Delbeke et al. [@CR7]). All patients enrolled in this study fasted for 6 hours before examination and were checked for their blood glucose level just before examination. When the blood glucose level was greater than 150 mg/dl, we rescheduled the examination. The images were acquired first at 60 minutes after ^18^F-FDG of approximately 185 MBq injection. CT scanning was performed with 120 kV tube voltage and Auto mA. Images were reconstructed with a slice thickness of 3.75 mm. Neither intravenous nor oral contrast materials were used. Acquisitions were performed in 3-dimensional mode, 3 min/bed position. Data were reconstructed using VUE Point Plus; ordinary Poisson OSEM (Ordered Subset Expectation Maximization) with 10 subsets and 2 iterations. A region of interest (ROI) was designated at the site of maximal accumulation within the mass lesion. The maximal radioactivity of the ROI was determined. FDG uptake was calculated as SUV according to the following formula (constant factor = 10, calibration factor (CF) = 7.40 × 10^6^):$$\documentclass[12pt]{minimal}
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Statistical analysis {#Sec8}
--------------------

The data presented were expressed as means ± standard deviation (S.D.) The statistical analysis of SUV~max~ between the groups was performed by Mann-Whitney U test. A *P* value of \< 0.05 was considered statistically significant. The SUV~max~ threshold (cut-off value) was determined by the receiver operating characteristic (ROC) analysis. ROC analysis was performed using calculation software IBM SPSS. The performance of the ROC analysis was verified by the ROC-area index Az. The cut-off point was determined by the Youden Index.
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